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摘  要
         
         
目的： 苯扎氯铵（benzalkonium chloride，BAK）是滴眼液中最常用的防腐剂之
一，但是大量的基础及临床实验表明，长期应用BAK可引起一系列眼部不适，继发
于BAK毒副作用的一系列眼表紊乱常导致一些炎症介质的增多进而诱导朗格汉氏细
胞（langerhans cells，LCs)的成熟及迁移。本研究的主要目的是拟探讨局部应用
苯扎氯铵对角膜朗格汉氏细胞（langerhans cells，LCs）分布、特性及细胞连接
蛋白表达的影响。
方法： Wistar大鼠随机分成四组，每组20只，其中一组为空白对照组，另外三组
分别给予0.025%，0.05%，0.1% 的BAK，每日用药三次，每次15ul，连续用药至
28d。在用药后的7d，14d，28d，用Cochet-Bonnet氏角膜知觉测量仪评估用药后角
膜知觉的变化，酚红棉线评估用药后泪液分泌量有无改变，裂隙灯显微镜下观察角
膜荧光染色以及泪膜破裂时间（BUT）。然后摘除角膜组织，Whole mount免疫荧光
技术分析用药前后角膜内DCs分布及表型的变化，免疫荧光双染技术检测DCs表达细
胞连接蛋白ZO-1、β-catenin情况，用神经特异性抗体Neuronal Class β-
Tubulin III和DCs膜表面特异性抗体MHC-Ⅱ评估BAK诱导的DCs改变和感觉性神经之
间的相互作用。
结果： 与对照组相比，局部应用BAK可致泪液分泌量及角膜敏感度迅速下降，长期
应用泪液分泌量和角膜敏感度下降显著；泪膜破裂时间及角膜荧光素钠染色评分在
三个给药组无显著变化。免疫荧光染色共聚焦显微镜观察发现，在正常角膜缘上皮
表面层及基底层、基质层可见MHC-II阳性的DCs分布，这些细胞在非炎症状态下不
表达复合刺激分子B7-1（CD80）及细胞连接蛋白ZO-1和β-catenin。局部应用
BAK后上皮表面层内DCs高表达表面共刺激分子CD80，上皮层内增多的LCs开始表达
紧密连接蛋白ZO-1和粘着连接蛋白β-catenin，三维重建图像显示DCs树突向角膜
表面上的投影，它的树突向上伸至上皮细胞之间与上皮细胞紧密连接蛋白ZO-1相接
触。应用BAK后基底神经纤维密度有不同程度的降低，且神经纤维弯曲度增加。
结论：局部应用BAK可诱导角膜DCs的成熟和迁移，并表达细胞连接蛋白，提示
BAK不仅能改变角膜DCs的成熟状态，而且能改变角膜DCs的抗原摄取功能。
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Abstract
         
         
PurposeBenzalkonium chloride(benzalkonium chloride, BAK) is one of the most
widely used preservative in ophthalmology. However a large number of basic and
clinical experiments show that long-term use of BAK can cause a series of eye
discomfort .Ocular surface disturbances secondary to the toxic effects of BAK
lead to a shift in inflammatory mediators with further maturation and migration of
Langerhans cells (LCs).Therefore, The main purpose of our study is to investigate
the effect of topical application of benzalkonium chloride on the distribution,
characteristics and expression of cell junction proteins in Langerhans cells.
Methods: Wistar rats were randomly divided into four groups. 0.025%, 0.05%,
0.1% benzalkonium chloride were applied three times one day to both eyes of the
three groups for four weeks, the other group used as the blank control group.
Tear production ,corneal sensitivity , tear break-up time (BUT),and fluorescein
staining were performed on days 0,7, 14,28. After a clinical examination was
carried out, the rats were killed. Whole mount corneas were analyzed by
immunofluorescence double staining for the alternations of MHC-, ZO-1, β-
catenin, CD80 in corneal dendritic cells(DCs). Nerve-specific antibody β-Tubulin
III were used to observe the effect of BAK on the corneal nerves.
Results: Compared with the control group, local application of BAK can cause
tear secretion and corneal sensitivity decreased rapidly, long-term application
decreased significantly. BUT and fluorescein staining did not change significantly
in the three administrations. Immunofluorescence staining and confocal
microscopy showed that MHC-II positive DCs were found in the epithelium and
the stroma in the normal cornea and these cells did not express the complex
stimulating molecules B7-1 (CD80) and cell junction protein ZO-1 and beta-
catenin in the noninflammatory state. After local application of BAK, the epithelial
surface layer of DCs high expression of surface costimulatory molecules CD80
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and began to express the tight junction protein ZO-1 and the adhesion protein β-
catenin. Three-dimensional reconstruction images of epithelial TJs and LCs in the
mouse cornea demonstrated a direct contact of LCs dendrites with the cell
junction proteins. A decrease in the density of the sub-basal nerve fibers and an
increase in the curvature of the nerve fibers were observed.
Conclusions: BAK can induce the maturation and migration of corneal DCs and
express cell junction protein, suggesting that BAK can not only alter the
maturation of corneal DCs but also change the function of antigen up-taking of
corneal DCs.     
Keywords:  Benzalkonium chloride; Corneal dendritic cell; Cell junction
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